Background: Vitamin D insufficiency has been associated with a number of adverse pregnancy outcomes, and has been recognized as a public health concern. Aim: The objective of this study was to determine the impact of vitamin D deficiency on maternal complications like gestational diabetes mellitus (GDM), anemia, iron deficiency, and preeclampsia among pregnant women. Subjects and methods: This was a cohort study undertaken at antenatal clinics at the Women's Hospital of Hamad Medical Corporation in Doha. A total of 2,487 Arab pregnant women above 24 weeks' gestation with any maternal complication were approached, and 1,873 women (75.3%) consented to participate in the study. Data on sociodemographic and clinical characteristics by interview and biochemistry parameters were retrieved from medical records. Multivariate logistic regression analysis was performed to determine the associated risk factors. Results: Of the studied pregnant women, nearly half of them had vitamin D deficiency (48.4%). Younger women below 30 years old (43.2%, P = 0.032), housewives (65.3%, P = 0.008), and those on low monthly household incomes (QR5,000-9,999) (49.2%, P = 0.03) were significantly more likely to have lower vitamin D compared with those who had sufficient vitamin D levels. Exposure to sunlight (63.4%, P = 0.05), daily physical activity (64.4%, P = 0.05), and vitamin D supplement intake (89.7%, P , 0.001) were significantly lower in deficient pregnant women. In the study sample of pregnant women, 13.9% had GDM, 11.5% had anemia, 8.6% had iron deficiency, and 6.9% had preeclampsia. Severe vitamin D deficiency was significantly higher in pregnant women with GDM (16.5% vs 11%), anemia (17.1% vs 11%), iron deficiency (18.5% vs 11.2%), and preeclampsia (19.8% vs 11.4%) when compared to the uncomplicated group. Socioeconomic status was low in pregnant women with complications like GDM, anemia, iron deficiency, and pre-eclampsia. Pregnancy complications like GDM (52.7%), anemia (53.2%), iron deficiency (55.6%), and preeclampsia (51.9%) were higher in Qataris. Also, GDM (66.2%), anemia (66.2%), iron deficiency (68.5%), and preeclampsia (58.1%) were observed more commonly among housewives compared to working women. Obesity was significantly more common in pregnant women with GDM (41.5%) and preeclampsia (41.1%).
Introduction
Complications of pregnancy and childbirth are the leading causes of disability and death among women of reproductive age in developing countries, accounting for at 1 Similarly, the pattern of leading causes of maternal death and disability are closely linked to high prevalence of vitamin D deficiency, poor maternal health during pregnancy, inadequate care during delivery, and lack of newborn care. 1 Every year, almost 8 million stillbirths and early neonatal deaths occur. In addition to maternal deaths, more than 50 million women experience maternal health problems annually. 2 In underdeveloped countries, those high vitamin D deficiency and maternal complications often pose an immediate financial burden on women and their households.
Vitamin D deficiency during pregnancy is common in many parts of the world, 3 and there is a very strong relationship between vitamin deficiency D and multiple potential adverse pregnancy outcomes. [4] [5] [6] [7] However, the role and metabolism of vitamin D in the pregnant state is not well known or understood. 5, [8] [9] [10] Despite the reported high prevalence of deficiency and the possible consequences, the desired optimal level needed for pregnant women in their body and the amount of vitamin D intake required to maintain adequate levels is not very well documented. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The vitamin D stores in the infant start with transplacental transfer of 25(OH)D in early pregnancy from mother to fetus. 5, 13 It is very obvious that maintaining optimum vitamin D nutrition during pregnancy is essential for prevention of hypovitaminosis D in the fetus and vitamin D deficiency at birth and in early infancy. 13 An estimated 1.6 billion people are anemic worldwide, and anemia is common during pregnancy. Approximately 50% of pregnant women have anemia (hemoglobin ,110 g/L) in resource-limited settings, compared with 12%-25% in developed regions.
14 Anemia is a global public health problem affecting both developing and developed countries, with major consequences for human health as well as social and economic development. It occurs at all stages of the life cycle, but is more prevalent in pregnant women and young children. In 2002, iron-deficiency anemia (IDA) was considered to be among the most important contributing factors to the global burden of disease.
14 Anemia is the result of a wide variety of causes that can be isolated, but more often coexist. Globally, the most significant contributor to the onset of anemia is iron deficiency, so "IDA" and "anemia" are often used synonymously, and the prevalence of anemia has often been used as a proxy for IDA. It is generally assumed that 50% of the cases of anemia are due to iron deficiency, 14 but the proportion may vary among population groups and in different areas according to the local conditions. The main risk factors for IDA include a low intake of iron, poor absorption of iron from diets high in phytate or phenolic compounds, and period of life when iron requirements are especially high (ie, growth and pregnancy).
In recent years, the prevalence of vitamin D deficiency has increased, and the incidence of low vitamin D status has risen in the developing world and in the UK and other developed countries. 11, [15] [16] [17] There is a high prevalence of vitamin D deficiency in pregnant women from non-Western countries in Northern Europe, and vitamin D deficiency during pregnancy is an ongoing epidemic. 18 At present, there is not enough evidence to evaluate the effectiveness of vitamin D in pregnancy, and therefore vitamin D supplementation is not routinely offered to all pregnant women in Qatar. Many studies have investigated vitamin D deficiency in pregnancy in different ethnic minority groups and the method of supplementation. 19 There is evidence that an immediate dose is as effective as a daily dose, with no adverse effects. [13] [14] [15] [16] [17] [18] The objective of the study was to determine the impact of vitamin D deficiency on gestational diabetes mellitus (GDM), anemia, iron deficiency, and preeclampsia medical conditions among pregnant women.
Subjects and methods
This was a cohort study conducted among pregnant Arab women in the third trimester from January 2011 to December 2011. The study was based on the logbook of the Women's Hospital, which registers all pregnant women visiting antenatal clinics at the Women's Hospital, Hamad Medical Corporation. The research assistants screened the logbook of the Women's Hospital during the study period and prepared a list of 2,487 pregnant Arab women above 24 weeks of gestation with any maternal complication. All the eligible women on the prepared list (n = 2,487) were approached, and consent was sought. Only 1,873 pregnant women (75.3%) participated in the study (refer to Figure 1 ). Nearly 25% of the approached subjects were excluded from the study, because some of them had incomplete medical records as well as incomplete questionnaires. A few of them did not give consent due to their busy schedule and lack of time to fill the questionnaire. Moreover, our study sample included 1,873 pregnant women, which is approximately 10% of total mothers that delivered in the year 2011. Each participant was provided with brief information about the study and was assured of strict confidentiality. 
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Vitamin D deficiency and adverse pregnancy outcome are approved by the Research Ethics Committee, and therefore are performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. All the persons who agreed to participate in this study gave their informed consent prior to their inclusion in the study.
Data were collected through face-to-face interviews by qualified nurses using a validated questionnaire in the local language. The questionnaire covered sociodemographic characteristics of the pregnant women, family and medical histories, anthropometric and obstetric characteristics, and pregnancy outcomes. Maternal medical records were reviewed to collect detailed medical and clinical information.
The questionnaire was pilot-tested on 100 randomly selected pregnant women for validity. The investigators made necessary corrections and modifications after considering minor differences and discrepancies that were found during the pilot study. Data on maternal complications of each patient were retrieved from the medical record file. In addition, follow-up data on pregnancy and neonatal outcome of each woman were obtained from the labor-room register immediately after delivery (Figure 1 ).
Laboratory investigations
Blood collection and serum measurements of vitamin D 13, 15 which is consistent with other studies. 18, 19 Other baseline biochemical parameters measured from the serum included vitamin D, calcium, albumin, bilirubin, magnesium, calcium, cholesterol, urea, triglyceride, and phosphorus and parathyroid hormone levels. On the basis of previous recommendations, [19] [20] [21] serum levels of these biochemical parameters were determined according to standard laboratory procedures. Furthermore, during the screening period, each patient provided a complete history, and a comprehensive examination was performed.
Preeclampsia was defined as gestational hypertension and proteinuria and return of all abnormalities to normal by 12 weeks postpartum. Gestational hypertension was defined according to WHO 20 criteria as systolic blood pressure $140 mmHg and/or diastolic blood pressure $90 mmHg and/or higher for the first time after 20 weeks' gestation. According to the recommendations from the WHO Expert Committee, 21 pregnant women were screened at 24-28 weeks for GDM, which was defined according to 
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Bener et al fasting venous blood glucose concentration $7.0 mmol/L and/or 2 hours post-oral glucose tolerance test venous blood glucose concentration $11.1 mmol/L. The WHO 22 tabulation adopts the international definition for anemia for pregnant women of ,110 g/L. Anemia was defined as a hemoglobin level of ,11 g/dL for women.
Data were analyzed using SPSS version 20 (IBM, Armonk, NY, USA). Student's t-test was used to ascertain the significance of differences between mean values of two continuous variables and confirmed by the nonparametric Mann-Whitney test. Chi-squares analysis was performed to test for differences in proportions of categorical variables between two or more groups. In 2 × 2 tables, Fisher's exact test (two-tailed) replaced the chi-squared test if the assumptions underlying chi-squared were violated, namely in cases of small sample size and where the expected frequency was less than five in any of the cells. Pearson's correlation coefficient was used to evaluate the strength association between two continuous variables. All statistical tests were two-sided, and P , 0.05 was considered statistically significant. Table 1 shows the sociodemographic characteristics and lifestyle habits of the studied pregnant women according to vitamin D status. Nearly half of the studied pregnant women had vitamin D deficiency (48.4%). Of women at high risk of vitamin D deficiency, younger women below 30 years old (43.2%, P = 0.032), housewives (65.3%, P = 0.008), and those with low monthly household income (QR5,000-9,999) (49.2%, P = 0.03) were significantly more likely to have lower vitamin D compared with those of higher socioeconomic status. In terms of lifestyle habits, vitamin D deficiency was higher in pregnant women who had less exposure to sun (63.4% vs 59%, P = 0.05) and no daily physical activity (64.4% vs 59.0%, P = 0.05) compared to the vitamin D-sufficient group. Vitamin D supplement intake was significantly lower in vitamin D-deficient pregnant women (89.7%, P , 0.001). Table 2 shows the sociodemographic characteristics of studied pregnant women with the complications of GDM, anemia, iron deficiency, and preeclampsia. GDM (52.7% vs 47.3%), anemia (53.2% vs 46.8%), iron deficiency (55.6% vs 44.4%), and preeclampsia (51.9% vs 48.1%) were more frequent among pregnant Qatari women than in pregnant non-Qatari women. The pregnancy complications of GDM (52.7%), anemia (53.2%), iron deficiency (55.6%), and preeclampsia (51.9%) were higher in Qataris. Housewives had higher pregnancy complications -GDM (66.2%), 
Results
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Vitamin D deficiency and adverse pregnancy outcome anemia (66.2%), iron deficiency (68.5%), and preeclampsia (58.1%) -compared to working women. Also, the pregnant women with low monthly household income had a higher frequency of GDM (50.4%), anemia (46.3%), iron deficiency (51.9%), and preeclampsia (43.4%). Table 3 shows the serum level of vitamin D among pregnant women with pregnancy complications. Severe deficiency was significantly higher in pregnant women with GDM (16.5% vs 11%), anemia (17.1% vs 11%), iron deficiency (18.5% vs 11.2%), and preeclampsia (19.8% vs 11.4%) when compared to the uncomplicated group. Also, moderate vitamin deficiency was significantly higher in pregnant women with GDM (38.1% vs 36.4%) and anemia (37.5% vs 36%) than in the uncomplicated group. Table 4 shows the maternal and obstetric characteristics of pregnant women with pregnancy complications: GDM, anemia, iron deficiency, and preeclampsia. Obesity was higher among pregnant women with GDM (41.5%) and preeclampsia (41.1%). GDM (39.6%), anemia (45.8%), iron deficiency (40.1%), and preeclampsia (41.1%) were observed more in women, with four to six parity groups. Table 5 shows the predictors for GDM, anemia, iron deficiency, and preeclampsia in studied pregnant women using multivariate logistic regression analysis. Vitamin D deficiency was a significant contributor for GDM (odds ratio [OR] 1.38, confidence interval [CI] 1.05-1.82; P = 0.019) and anemia (OR 1.87, CI 1.32-2.63; P , 0.001). Previous low birth weight (OR 1.75, CI 1.20-256; P = 0.003) and consanguinity (second cousin) (OR 1.64, CI 1.22-2.20; P = 0.001) were the second major contributor for GDM and anemia. Vitamin D deficiency appeared as a significant contributor for iron deficiency (OR 1.84, CI 1.13-3.32; P = 0.020) and preeclampsia (OR 1.75, CI 1.16-2.58; P = 0.010) in pregnant women. Table 6 shows the global variations and comparison in vitamin D status during pregnancy. Low vitamin D intake was higher in the US (24.8%), 40 the People's Republic of China (24.2%), 38 Canada (20.7%), 36 and Australia (21%), 10 which is in line with the present study rate (17.8%).
Discussion
Vitamin D deficiency has been associated with several adverse health outcomes, including pregnancy outcomes, and is a public health issue worldwide. The present study demonstrated a greater risk of maternal complications in pregnant women with vitamin D deficiency compared with those with normal vitamin D levels. An increased risk of adverse pregnancy outcomes, such as GDM, anemia, iron deficiency and preeclampsia, was noted in the study sample of pregnant women, which is similar to the results observed by Kaludjerovic and Vieth. 22 The mean serum levels of vitamin D in pregnant women with GDM (17.78 ± 7.7), anemia (17.65 ± 7.8), iron deficiency (16.01 ± 7.4), and preeclampsia (18.01 ± 8.6) revealed vitamin D insufficiency in pregnant women. It was reported [23] [24] that vitamin D status in women with risk factors of maternal complications like GDM, anemia, and preeclampsia was 
001).
Gestational diabetes is a result of pregnancy-induced insulin resistance and impaired compensating insulin secretion. Vitamin D improves insulin sensitivity by enhancing insulin responsiveness to glucose transport. In a meta-analysis review of various studies, Clifton-Bligh and McElduff 23 reported that pregnant women with GDM had significantly lower 25(OH)D levels than the comparison group. In our study sample, severe vitamin deficiency Table 5 Predictors for gestational diabetes mellitus, anemia, iron deficiency, and preeclampsia in studied pregnant women using multivariate logistic regression (n = 1,873) Table 4 Maternal and obstetric characteristics of pregnant women with complications: gestational diabetes mellitus (GDM), anemia, iron deficiency, and preeclampsia (n = 1,873) 
Independent variable Odds ratio
95% confidence interval
P-value
Gestational diabetes mellitus
Variable GDM (n = 260), n(%
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Vitamin D deficiency and adverse pregnancy outcome was significantly higher in pregnant women with GDM (16.5%) than those without GDM (11%), which is in line with findings from the cross-sectional study of Maghbooli et al. 25 More than half of the complicated pregnant women with GDM (54.6%) had vitamin deficiency. In the study of Zhang et al, 26 33% of GDM cases had vitamin D deficiency which was higher than in their comparable group (14%). On the contrary, no significant association was observed between 25(OH)D concentrations and GDM risk in the Indian population. 27 Another study from the UK 28 failed to find a significant association between vitamin D deficiency and risk of GDM. These study findings highlight the possibility that vitamin D sufficiency may be important to maternal health, vitamin D sufficiency may be important to maternal health; vitamin D supplementation may be a simple way to reduce the risk of adverse pregnancy outcome. Gestational anemia is common in developing countries, where it affects more than 57% of pregnancies. 29 Our study is one of the first to investigate the association of vitamin D and anemia. The present study demonstrated a significantly greater risk of anemia in pregnant women with severe vitamin D deficiency (17.1%) than that in normal groups (11%). More than half of the pregnant women with anemia had vitamin D insufficiency (54.6%), whereas it was lower in the normal group without anemia (47%). Sim et al 30 reported a significant correlation between vitamin D deficiency and anemia. Anemia is regarded as a major risk factor for maternal and perinatal mortality and morbidity. 
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Bener et al Similar to gestational diabetes and anemia, the data revealed a significant association between preeclampsia and severe vitamin D deficiency. Vitamin D deficiency was significantly higher in pregnant women with preeclampsia compared with the normal group (19.8% vs 11.4%), which is consistent with a meta-analysis 31 showing a significant association between preeclampsia and 25(OH)D insufficiency. However, no significant association was observed in a prospective cohort study 32 of pregnancies at high risk for preeclampsia in Canada. These study results revealed that maternal vitamin D deficiency was a strong, independent risk factor for preeclampsia. Vitamin D deficiency may also elevate blood pressure.
In the study sample, the risk of vitamin D deficiency was higher among young pregnant women below 30 years old (43.2%), housewives (65.3%), the educated (41.1%), and those with low monthly household income (,QR10,000) (49.2%). In terms of lifestyle habits, vitamin D deficiency was higher among women with history of inadequate sun exposure (63.4%) and less physical activity (64.4%). It was reported 32 that women with low socioeconomic status and inadequate sun exposure were more likely to have lower 25(OH)D concentrations than those of higher socioeconomic state and adequate sun exposure. In most countries, there is no monitoring of serum 25(OH)D 3 levels during pregnancy for vitamin D deficiency. The vitamin D-deficiency epidemic during pregnancy is caused by a lack of adequate sunlight exposure needed to synthesize vitamin D 3 in the skin, coupled with overall intakes that are too low to meet the increased demands of pregnancy. Previous studies of Bener et al 33, 34 support these findings that vitamin D deficiency was more prevalent in Qatar and the population had less exposure to sun, although it is a sunenriched population. Similar socioeconomic status of vitamin D deficiency was observed in pregnant women with GDM, anemia, and preeclampsia. Pregnant women who developed these maternal complications were younger, educated, housewives, and with low monthly household income. These findings provide evidence suggesting that vitamin D deficiency or insufficiency is common during pregnancy, which leads to adverse pregnancy outcome. Similar to the results observed in Qatar (17.8%), vitamin D deficiency was higher in the US (24.8%), 40 the People's Republic of China (24.2%), 38 Canada (20.7%), 36 and Australia (21%). 10 The current study supports the hypothesis that vitamin D insufficiency is associated with an increased risk of such maternal complications as GDM, anemia, and preeclampsia. The vitamin D-deficiency epidemic during pregnancy is caused by a lack of adequate sunlight exposure needed to synthesis vitamin D 3 in skin, coupled with overall intakes that are too low to meet the increased demand of pregnancy. Women living in the Middle East generally cover their body, so they receive little vitamin D from solar UVB. Also, it is so hot during the summer that people tend to stay indoors. The study findings suggest that low levels of 25(OH)D may be a modifiable risk factor in pregnancy, and health-care providers should at least be encouraging pregnant women to take vitamin D.
Conclusion
The study findings revealed that maternal vitamin D deficiency in pregnancy is significantly associated with elevated risk for GDM, anemia, and preeclampsia. The risk of vitamin D deficiency was higher in Qataris, housewives, and those with low monthly house hold income. Vitamin D-deficient pregnant women had less exposure to sunlight, no physical activity, and less vitamin D supplement intake. Vitamin D supplementation in early pregnancy may be a simple way to reduce the risk of these adverse pregnancy outcomes.
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